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INTRODUCTION

The Sacramento - San Joaquin Delta, the arm of Halley, and W. R. Lettls improved the manuscript with
the San Francisco Bay estuary that reaches into the critical reviews, and Faith Dunham, J. R. Le Compte,
Central Valley of California, differs from typical J. B. Pinkerton, N. J. Tamamian, J. A. Thomas, and
coastal-plain deltas in three important respects. Natalie Weiskal helped prepare the maps and text for
First, rather than meeting the ocean ir~ividually and publication.
directly, all major waterways of this delta discharge
via a single constricted outlet into a chain of
estuarine bays and straits.    Second, in the" most SKETCH OF DEPOSITIONAL HISTORY
common vertical sequence of deposits, peat and mud
deposited in tidal marshes and swamps (tidal wetlands) The Sacramento - San Joaquin Delta overlies 5-10
directly overlie alluvium or eolian sand, a sequence km of sedimentary deposits. Most of this material,
recording a landward spread of tidal environment~ including sources and reservoirs of the Delia’s
rather than the seaward migration of fluvial natural gas, accumulated in marine environments about
envir~.ments that is typical of coastal-plain deltas ]75 million ~.~9. 25 million years ago (Burroughs,
(Cosby, ]9~], p. ~3; Thompson, 1957, p. ;2; Shlemoa 1967).    Younger deposits are generally described as
and BeEE, ]975, p. 259; Atw~ter and Belknap, 1980). . nonmarine (Burroughs, 1967), but some must have fo~med
Finally, intensive human use has led to a peculiar set in shallow seas and estuaries (see maps by C. A.
of oenfllcts involvinE rights to water and Repenning in Hackel, 1966).
responsibilities for flood-control levees (Koekelman
and others, 1982). The deposltional history of the Delta during the

past one million years or so (late’ Quaternary time)
The accompanying maps (sheets ]-20) bring probably reduces to several kinds of cycles imposed by

together several kinds of inf~r~ation that aid in fluctuations in regional and global climate (Shlemon,
understanding the near-surface geology of the 1971, p. ~30; Atwater and Belknap, 1980, p. 89-92).
Sacramento - San Jcaquin D~ita. Chief among these Greatly simplified, each cycle consists of an episode
data are the surficial distribution of principal kinds of deposition and an episode of nondeposltlon and
of mappable deposits (map units); the basal elevations erosion.
of soft peat and mud; approximate .limits of autumnal
high tides and locations of tidal waterways before One kind of cycle, ultimately attributable to
agricultural reclamation of wetlands; the location of exchange of water between oceans and large continental
nontldal waterways, many of whose traces were covered ice sheets, resttlts from rise and fall in the level of
with tidal-wetland deposits within the past 5,000 the sea relative to land. In the Delta the principal
years and then exhumed in historic time; the location known product of sea-level rise is soft peat and mud
and stratigraphio setting of radiocarbon-dated thai_have accumulated during the past 7,000 years (p.
samples; and the location of 16 of the breaks in 9; sheets 3-12, 15-17). This material records a time
manmade levees that have occurred since about 1900. between major ice ages (an interglacial) when relative
This t~xt, supplemented with tables, a correlation sea level rose enot~h for tidewater to in~ade the
chart, and short explanations of map units and symbols Central Valley and create extensive wetlands like the
(sheet 2]), serves mainly to explain how these various rule marshes that covered most of the Delta before
data were assembled. In addition, it describes each a~rlcul~ural reclamation.      Similar tldal-wetland
map enlt, briefly discusses the evidence for deposits    probably    formed    during    Pleistocene
Quaternary movement along faults, and discusses use of interglaclals but are now scarce or absent (Atwater
the maps for determining foundation oonditlorm beneath and Belknap, 1980, p. 100-101); perhaps these deposits
levees and elevations of land before agricultural disappeared during ice ages, when evacuation of tide
reclamation. For cross sections and interpretations water from the Central Valley would have exposed the
of some of the principal map ~its, the reader is site of the Delta to erosion by running water and wind
referred to Atwater and Belknap (1980); additional and, as agricultural drainage and cultivation do (see
g~ologie descriptions and interpretations are provided Weir, 1950, and Broedbent, ]960), would have promoted
by Cosby (;9~I) and Shlemon and BeEE (1975). decomposition of peat by oxygen and organisms.

Another product of relative sea-level change is the
silty and clayey Nolocene alluvium that lies upstream

ACKNOWLEDGMENTS " of the Delta along its principal tributaries, reaches
into the Delta as natural levees, and extends beneath
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help with fieldwork; staff of the C~lifornia 38,000 to ~6,000mC      years ago (table ~, sheet 21)
Departmemt of Water Resources, particularly Hal during a lesser interglacial, lles about 50-90 ft
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A second kind of cycle, out of phase with the METHODS
first, results from ~axlng a~d waning of glaciers in
the Sierra Nevada. Episodic glaciation in the Sierra Criteria for defining snd differentiating map units
Nevada has long been cited to explain a widespread
sequence of alluvial-fen deposits in the northeastern Differences among the map units on sheets 1-20
San Joaquin Valley (p. 5). These deposits, probably take several forms.    Some units differ from one
removed from glaciers by meltwater streams and (or) another in lithclogy, others differ in relative age,
~shed from drift-covered alpine slopes, flank and and still others differ in both.    Further, some
underlie the eastern margin of the Delta where it alluvlal-fan deposits may differ from one another
borders fans of the Mokelumne and Stanislaus Rivers primarily in geographic location; unconvinced that
(sheets 8, 12, 13, 17, and 20). Also attributable to sequences of alluvlal-fan deposits in the vicinity of
glaclatlcn in the Sierra Nevada .are fields of the Delta necessarily correlate from fan to fan,
windblown (eolian) sand, the largest of which extends have named most local sequences individually rather
southeastward from an area between Antioch and than attempting to fit them into a single set of
Bradford Island (sheets 9-11, I~, and 15).    The regional unite. Finally, the mapped limits of flood
youngest sa~d in this field was probably swept from plain and tidal deposits depend in part on arbitrary
glacial-age flood plains of the San Joaquin and conventions.    These various criteria for mapping
Sacramento Rivers during one or more of the episodes Quaternary deposits a~e discussed in the following
of alluvlation that produced the Modesto Formation (p. paragraphs.
7).

Lithologic distinctions separate the principal
Still other kinds of cycles may influence kinds of map units tabulated on sheet 21 (unlndented

deposition by Delta tributaries that head in the headings in "~esoription of map unlts").    M~st
unglaciated drainage basins of the Sierra Nevada lithologic distinctions -- such as that between tidal
foothills and the Coast Ranges. Alluvlal-fan peat or mud and eolian sand -- result primarily from
deposition by these streams is demonstrably episodic depositional environment.    One, however, reflects
in two cases. First, younger alluvinm of the Putah provenance:    alluvial-fan deposits derived largely
Creek fan (sheet 4) reportedly overlies older alluvium from granitic rockm in high parts of the Sler~a Nevada
having a well-developed buried sol! that extends from (units headed, "...derived from glaciated drainage
the head to the toe of the fan (Thomasscn and others, basins," sheet 21) typically contain more mica and
1960, p. 48). A period of nondeposltlon on the Futah fewer lithlc grains than fan alluvium derived from the

’Creek fan thus preceded a time of widespread chiefly sedimentary, volcanic, and metamorphic rocks
alluvlation. Second, whereas a set of stream-built of the Coast Ranges and Sierra Nevada foothills (the
ridges (former channels labeled I on sheet 14) splay many units headed, "...derived from unglaciated
across the fan of Marsh Creek, ~the youngest natural drainage Basins," sheet 21).
course of the creek (labeled 2 on sheet 14) passively
follows a trough rather than building a ridge of its Demonstrable    differences    in    relative age
own. This contrast suggests that an episode of little subdivide several of the lithologlc categories of
or no widespread deposition has followed a period of deposits in the vicinity of the Delta. Subdivisions
aggradation by Marsh Creek.    Further, because the of this sort include the Modesto and Riverbank
inferred episode of virtual nondeposition coincides Fo~matlons. Though these units are lithologlcally
with the present high stand of the sea, the prominent indistinguishable where unweathered, the Modesto
stream-built ridges of the Marsh Creek fan cannot have Formation widely overlies the Riverbank Formation
resulted primarily from rise in sea level. The cause (sheets 8, 12, and 13; Atwater and Belknap, 1980, p.
and timing of alluviation by Coast Range streams are 100), commonly occupies lower positions within series
too poorly known, however, to permit correlation with of inset or crosscutting depositlonal surfaces, and
specific climatic..pr tectonic events. Indeed, Judging typically bears less strongly developed soils
from available 1"C dates (p. 4, 5), episodes of (Marchand and Allwardt, 1981). Similar relative-age
deposition by such streams as Putsh and Marsh Creeks criteria ~ustify division of other alluvial-fan
may or may sot have occurred at the same time from one deposits into sequences of two or more units, such as
stream to another; likewise, they may or may not younger and older alluvial-fan deposits of Futah
coincide with the major episodes of deposition on fans Creek.
of the Hokelumns and Stanislaus Rivers.

A problem with using relatlve-age criteria,
The site of the Delta during late Quaternary time however, is how to express degrees of confidence in

can thus be likened to a stage on which three related fan-to-fan     correlation     between     alluvial-fan
and repetitious plays are presented simultaneously, sequences., The solution I prefer for the Sacramento -
In one play, wetlands and flood plains appear and San Joaquln Delta and vicinity is ’to map a single
expand as tidewater invades from the west, then become regional set of units on glaclogenlc fans and to map
sites of erosion after the tide- w~ter retreats. In several local sets of units on fan deposits derived
another play, glacially eroded detritus from the from unglaciated drainage basine. Glaciogenio units,
Sierra Nevada builds alluvial fans and, reworked by such as the Modesto and Riverbank Formations, bear
wind, creates extensive sand dunes. In third, little- regionally correlative soils (Janda and Crmft, 1967)
understood play, streams draining the Sierra Nevada .and possess a reasonably well-established genetic link
foothills and Coast Ranges episodically build alluvial with episodic climatic events of regional or global
fans. Spanish- and English-speaking persons enter extent (Harchand, 1977); hence they are readily and
during a major incursion of tide water and find most plausibly correlated from fen to fan. Terrace and fan
of the stage covered with rules. : deposits derived from unglaelated drainage basins~ in

contrast, commonly bear soils of only local extent and
as yet lack a well-demonstrated tie to regional
climatic events; fan-to-fan correlation of these
deposits is typically conjectural. It is possible,
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for ir~tance, that the ~dlssect~d, rld~s-formlng nontidal channels or oxbows. For some boreholes
alluvl~ of Ma~h Cr~k t~t bears Brentwo~ ~ils have    also    supplied    brief    descriptive    Io~
(Catheter ~d ~sby, ~939; ri~es ~e ~t~l levees (abbreviations ~d s~bols explained on sheet
o~ foyer ~ter~ys labeled "I" 0n sheet I~) foxed at order to ~usti~y the location of a nearby contact or
the same time as the ri~e-forming alluvi~ that ~ars show lit~loglc ~iatlon within the mapped ~it. For
Yolo soils (Cosby and C~penter, 1935) on the f~ of others I show the thickness and stratiEraphic position
PuSh Creek. Neither b~y of alluvi~, hoover, has of principal alluvial-~an and eolian ~Its of the fans
be~ ~t~ dlr~tly, a~ t~ only radi~e%~,Io date of Marsh Creek [sheets ~0 and ~) and the Mokel~ne
from alluvi~ of ~rsh Creek Is 20,~65+~75 "~C years River (sheets 8 and ~). Fi~lly, I have attempted
(~-2059; table ~, sheet 2;), far greater than the wherever possible ~ s~arize on the maps the
~,000- ~d 9,O00-year bracketi~ ~es (Shlemon ~d ~rehole stratIE~phy associated with each ~diocarbon
~, ;972) for the oldest ~it of ~ll-dated alluvi~ date listed in ~ble ; (sheet
of PuSh Creek. In mapplnE ~nglacloEenlc alluvial-
f~ deposits, I have the~fo~ traded the convenience
of a sidle set of ~latlve-age ~its, s~h as that Reconstruction of historic and prehistoric
us~ by E. J. Helley (Ha~o~ a~ o~hers, 198~; Helley hyd~loEio featu~s
~d others, I~I) in mappi~ of the ~rtheastern
3ac~en~ Valley, for the ~exibility of multiple Another aid ~ mapplnE of surflclal deposits in
sets of ~its t~t, ~wever award, e~licitly allow the Del~ and vicinity ~ knowledKe of historic and
t~ possibility of nonsynchronous alluvlation by prehistoric hydrolo~. For ex~ple, e~ceptlng a few
various strea~ ~aini~ ~eas of ~ntrastln~ sizes areas such as the ~st-eentral part of Surfer Island
a~ cl~ates in the C~st R~ses and Sierra Neva~. (sheet ~; At~ter ~d ~Iknap, ~980, ~. 95, section C)
If s~chroneity ~ later demonstrated, ~its may of whe~ natural levees have extended across tidal
course be combined. On t~ other hand, ~tu~ work. wetlands, the historlo limit of tidal-wetland deposits
could al~ s~w t~t map ~Its emb~cinE the fans of c~ be apDrox~abed by the historic landward margin of
seve~l cr~ (for example,~yo~Eer alluvi~ of Marsh ti~l ~tlands. Parts of this ~tland marEin that
C~ek ~d vicinity) ~ry in ~e f~m f~ ~ f~. ~e ~mained relatively pristine circa ~g;O generally plot
~le excuse for l~pinE ~e nonglac~oEenic fans ~tween the O- and 5-ft ~ntour on USGS topo8raphlo
~8ether at p~sent ~ ~ keep map ~its at a ~rkable maps of that vintage. Th~ elevation ~rees with that
n~ber, of the highest extensive surfaces In ~m~nt ~tlands

today, located 2.5-3.5 ft above the National Geodetic
Several ~bitrary ~nventi~s aid In definin~ ~d Vertical Dat~ (formerly called the U.S. ~ast and

d~l~itinE ~ood-plain a~ tidal ~i~. One Geodetic Survey sea-level dat~ of ;929), aeeordlnE to
conventi~ ~ ~ set a ~n~ thickness of 5 ft for levellnE by At~ter (1980).    In Keneral, I have
~ood-plaln a~ tidal ~posi~. ~ For peat and mud of the~fo~ extrapolated the historic margin of ti~l
t!~l ~tlsnds, s~h a l!~t ~ p~ticularly use~l wetland into areas al~ady ~claimed for agriculture
because most peaty ~posi~ thinner than 5 ft have clr~ ~9;0 by plotting It about middy between the O-
~en ~r~slvely decomposed, p~tly desiccated, ~d and 5-ft ~ntours sho~ on USGS topographic maps of
locally mix~ with buried A horizons of underlyi~ that vintage. Th~ wetland m~gln approx~ates the
~ep~its ~ a ~s~t of h~-caused ~si~ge ~d llne of extreme high ~ter durin~ aut~n months
c~tlvatlon. Another con~ention, followed for because p~k equinoctial tides rarely exceed
carto~phlc simplicity, ~ ~ leave ~labeled elevations of 2.5-3.5 ft ~der conditions of low river
hundr~s of isle~ of ~m~nt tidal wetland (rule d~ch~Ee in most of the Delta.
~r~). ~st of these are ~derlaln by peat ~d mud,
ev~ whe~ nearby f~la~s have lost their historic RepresentlnE the act~l or inferred traces of
cover of ti~l-wetl~d peat t~o~h decomposition, hlstorie and prehistoric ~ter~ys without showi~
deflation, a~ other proposes described by Weir their deposits as map ~Its (sheets ~-2~) departs from
(;~0) ~4 B~adb~t (;960)i Ex~ples documented by the usual practice (for example, Cosby, ~9~I; Allsup
bore~le ~ a~ sho~ alone Sand Mound Slou~ in the and Dudley, 1976; Welch and others, ;976) but
south~st ~rner of sheet ;~ and along Fourteenmile hiEhli~ts paleogeography, denotes as precisely as
Slou~ in t~ south~st corner of sheet ~2. At both ~ssible the surflclal location of channel deposits,
localities, the thickness of ti~l-wetland deposits doc~ents a pho~eoloEic contrast between tidal and
eq~is t~ di~eren~ in elevation between the E~und fl~d-plain deposits (sheets ;5-20), and avoid~
surface of the t~e berm, t~ically about +3 ft cluttering the map with labels for ~its. Traces of
acco~ing ~ levelinK by At~ter (;980), and the basal waterways ~re identified in one or both of
elevation of peat or peaty mud plotted beside the ~ys: uslnE landfor~ sho~ on 1:3~,680-scale
bore~le s~bol(s), topoEraphio maps surveyed a~ub ~910, and using ~nal

’ contrasts on 1:6000- to ~ :20,O00-scale black-and-white
aerial photoK~phs ~ken since ~965 and ; :2~,O00-scale

C~pilatlon ~d p~sentatlon of borehole ~ta USGS orthopho~ quadr~Eles p~pared about ;~70.
principal kinds of ~terways are s~: tidal and

Bore~le ~ aid greatly in de~nlnE both the nontldal. The distinction between the t~ is clear
bo~daries of principal ~looene facies within the where stratiEraphlc ~ntext ~qui~s a tidal oriKin,
~I~ and the stratiKraphlc ~latio~ of deposits .as with ~terways sho~ In the southe~ two-thins of
a~o~d its m~Ei~. ~ousands of boreholes have been sheet ;I, and where historic elevatlona ~qui~ a
~ill~ a~ Io~ as part of ~EineerinE a~ Ecologic supratldal origin, as with the m~y ~all ~te~ys
studi~ of the ~i~. For about ;300 of these (table sho~ on sheet 20. Further, on aerial photographs
2, sheet 2;) I have abstract~ a~ plotted t~e basal ort~pho~ maps, the sites of foyer tidal ~ter~ys
elevations of two kinds of de,sits: peat or peaty are Kenerally marked by ~Ifor~y light-toned deposits
mu~, most of which p~bably foxed in tidal wetlands, set against darker peat, whereas the sites of nonti~l
~d ~ft silt or clay t~t mainly accumulated in ti~l ~te~ays show a ~mbi~tlon of light-toned levees and
~te~ays but in s~e areas may have been ~deposlted in dark-toned peaty channel fill. Distinctions blur,
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however, where non-tldal w~terways hlstorioally graded Alluvial-fan and alluvlal-terraoe deposits
into tidal w~terways. As a result, the nature of some derived from unglaoiated drainage basins
w~terways is represented in an arbitrary and possibly
erroneous fashion. These deposits, consisting of clayey silt, silt,

sandy silt, and subordinate sand and gravel, are
nonarkoslc and generally nonmloaceous. Map units are

Looatlon of levee breaks dsflned chiefly by provenance and relative age. Time-
stratlgraphlo correlation between alluvial sequences

A break in a manmade levee of the Sacramento-San of different creeks has not been established. Areas
Joaquln Delta commonly scours a depression that per- are discussed in counterclockwise order beginning at
slats as a pond after reclamation of the flooded Putah Creek (sheet 3).
island or tract. Ponds of this sort, generally elong-
ated normal to the levee, appear on USGS topographic Putah Creek
maps of several vintages. Combining the location of
mapped ponds with archival descriptions assembled by Older alluvium of Putah Creek is widely but.
Thompson (1957, D. ~6-509) and U.S. Corps of sparsely exposed at the toe of the Putah Creek fan,
Engineers (1979, p, 7), present-day oral accounts of most commonly in basins between stream-built ridges of
eyewitnesses, and photographs of recent breaks, it is younger alluvium. In the Saxon 7.5-minute quadrangle,possible to show the location and year of 16 levee north of the area of sheet 3, it locally forms hills
breaks datln~ from about 1900 to 1980 (sheets 6, 10, as much as 5 ft high and 100-1000 ft across,
11, 12, 15). Most of the plotted breaks occurred in conceivably the remnants of stream-built ridges or an
the peat lands of the central Delta; nine are shown on intergleclal flood basin slmllar to Yolo Basin. Older
the Bouldin Island quadrangle (sheet 15). Study of a11uvium of Putah Creek bears San Ysidro soils (Cosby
the primary sources elted by Thompson (1957) would and Carpenter, 1935), San Ysldro and Antioch soils
probably permit the plottlnK of addltlonal breaks in (Bates and others, undated), and Rig soils (Andrews,
more nearly alluvlal parts of the Delta where few 1972). Its presumed age is Pleistocene.
secured ~ep~esslons were deep or long-lived.

Younger alluvlum of Putah Creek grades from sandy
silt and silt of prominent natural levees (these ~

GENERAL DESCRIPTION AND DISCUSSION OF MAP UNITS levees chlefly northwest of map area; see Bryan,
19~3), on which Coaby and Carpenter (1935) mapped Yolo

Because relative ages are in many eases unknown, soils, to clayey silt and silty clay of intervening
Quaternary deposits discussed in the Following saotlon basins and areas transltional with Yolo Basin, on
are grouped primarily by deposit~onal environment and which Cosby and Carpenter (1935) mapped Capay and
(or) provenance. Terms and symbols for soils follow Clear Lake soils, respeotlvely. Hear Davis, about 15
Birkeland (197g) and Sell Survey Staff (1975). km north of the northwest edge of the area of sheet 3,

this unit includes three superpoaed members separated
by buried A horizons (Shlemon and BeEE, 1972).

Sedimentary recks and deposits OrKanlc carbon ~rom the lower Ab horizon yields an age
whose envlrorments of deposition of 9,150_+650 I~C years; ages determined From similar

have been largely or wholly disarranged material in1’~hedc upper Ab horizon are 3,890+200 and
~, 330+__180         years (Shlemon and Be~E,-- 1972).

Sandstone, siltstone, olaystone, and minor According to E. L. BeEE, (oral commun, with D. E.
conglomerate and tuff mapped on sheet I~ as bedrock Marohand, 1977), the upper Ab horizon correlates with
range in age from Late Cretaceous to Pliocene. Yolo soils and the lower with Capay soils. If so, the
Similar rocks~ most of which originated in marine regional si~nlflcance of the dated Ab horizons near
environments, underlle all of the Delta (for example, Davis is clouded by the possibility that, in most
Burroughs, 1967).    For details about the exposed other parts of the Putah Creek fan, the parent
section, see Brabb, Soneman, and Swltzer (|971) and materlals of the Yolo and Capay soils of Cosby and
references cited therein. Carpenter (1935) are coeval levee and basin facies,

respectively, rather than tabular~ superposed units.
Alluvial Evavel~ sand, silt, and clay of the

Montezuma Formation form hills with nearly accordant Montezuma Hills
aummlts about 250 ft above sea level (sheets 6 and
10). These hills constrict the Delta’s connection Older alluvlum of Montezuma Hills and vicinity
with Sulsun Bay and may be bounded by faults west of forms slightly to moderately dissected Fans on
Rio Vista (Montezuma Hills) on the east and west northeast flank of Montezuma Hills. Presumably it was
(Relche, 1950).    The precise a~e of the Montezuma derived from the Montezuma Formation. The dissection
Formation is ~nknown but prest~ned to be Pleistocene displayed by this unit suggests deposition before the
because the original top. of the unit probably forms Holooene rise in sea level.
the nearly accordant summits.    The formation may,
however, be partly coeval with unnamed subsurface beds Younger alluvium of Montezuma Hills and vicinity
nea~ Colllnsville (sheet 9) in which Sarna-Wo~clokl, . floors valleys graded to late Holocene sea levelSo
Bowman, and Russell (1979) have identified the Locally it may include detritus from Sacramento River
P11ocene Lawlor Tuff (approximate age ~.0 mllllon floods. Carpenter and Cosby (193~) mapped .Yolo and
years) and a younger tuff common to the top of the San Capay soils on this unit.
Joaquln Formation (Plioeene) at Kettleman Hills in the
southern San Joaquln Valley. Antioch

Older alluvium of Antioch and vicinity form~
dissected surfaces, most of whose soils have well-
developed Bt horizons (ohlefly Ambrose and Antioch
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soils of Carpenter and Cosby, 1939). This alluvium and largely bearing Sorrento soils (Carpenter and
underlies eolian sand of the Modesto Formation and is Cosby, 1939), is probably of late Boloeene age.
therefore regarded as Pleistocene.

Corral Hollow and Brushy Creek
Intermediate alluvium of Antioch and vicinity

form~ thin (thickness 3-8 ft) patches of silt that Alluvium of creeks from the Corral Rollow
overlie older alluvium of Antioch and vicinity (for drainage to Brushy Creek was deposited chlefly by the
example, annotated locality along E. 18th St., sheet Corral Hollow drainage (Tracy and vicinity, sheets 19
9). Loeally the intermediate a11uvlum abuts eolian and 20), Mountain Rouse Creek (sheet 18), and Brushy
sand of the Modesto Formation, and locally it lles 20- Creek (sheet 18). I have not studied this alluvium in
25 ft above Bolocene alluvium and tldal-wetland the field.    It bears Ambrose, Herdlyn, Peecadero,
deposits. The deposit bears Zamora s~ils (Carpenter Rineon, and Sorrento soils of Cole and others (19~3),
and Cosby, 1939), which here lack Bt horizons, and it probably ranges, in age from P1elstooene to
Possibly it is Coeval with eolian sand of the Modestc Rolooene.
Formation, whose deposition may have temporarily
raised local base levels for small streams passlnE Calaveras River
through the site of eastern Antioch.

Alluvium of Calaverae River and vicinity was
Younge~ alluvium of Antioch and vicinity flours deposited by Calaveras River, Bear Creek, and several

valleys apparently graded to Holocene high sea levels, lesser streams between the Mokelumne and Stanielaus
Rivers (sheets 13 and 17), Locally it appears to

Marsh Creek crosscut and may overlie a young part of the Modesto
Fo~matlon on the Mokelumne fan in the violnlty of

Older a11uvlum of Marsh Creek and vicinity forms Micke Grove Park (sheet 13; sac. 25, T. 3 N., R. 6 E.;
as many as four terraces near the apex of the Marsh Marchand and Atwater, 1979). Its western boundary is
Creek fan (sheet |~). Most of these terraces are very uncertain in nature and 1ocatlon; contact
littered with subangular cobbles of chert derived from relations with the Modesto Formation and Holooene
the Franciscan Complex at Mount Diablo. The exact flood-plain deposits along this boundary are unknown.
number of original surfaces is uncertain because,
although I have no proof, faults may have broken some Alluvium of Calaveras River and vicinity was
terraces. This unit was mapped as Coming soils by divided by Marohand and Atwater (1979) and Atwater and
Ca.rpenter and Cosby (1939). Belknap (1980, p. 8~) into two relative-age units, the

younger of which was interpreted by these authors to
Younger alluvium of Marsh Creek and vicinity thin westward and veneer the older unit on much of

forms fans of Marsh, Kellog~, an~ Sand Creeks. Near sheets 13 and 17. Here I combine them becnuse the
the apex of the Marsh Creek fan (sheet I~), it younker unit is commonly thinner than 3 ft and its
generally consists of 5-15 ft of overbank silt typical contact with the older unit could be
overlying channel sand and gravel; sand and gravel interpreted as the base of a thick A horizon. The
diminish down the fan. The unit also grades into and alluvium bears Capay, Landlow, and Stockton soils of
includes E~ay silt and clay deposited in near-sea- Cosby and Carpenter (1937) and Landlow and Stockton
level flood basins and ephemeral lakes among soils of Retzer and others
preexistln8 eollan deposits of the Modeeto Formation
at the toe of the Marsh Creek fan. The lacustrine
deposits locally contain shells of freshwater Alluvial-fan deposits derived from
gastropods, including Sta~nlcgla sp. (John R~nley, glaciated drainage basins
w~itten commun., 1979). The unit overlies eolian sand
of the Modasto Formation in lower reaches of the fans Silt,. sand, and minor gravel deposited by major
of Sand Creek (for example, NW I/~ see. I, T. I N., R. rivers of the Sierra Nevada are largely arkoelc and
2 E.) and Mar~h Creek (for example, NE. I/~ sac. 7, T. commonly micaeeous. The principal fan deposits of
I N., R. 3 E.). these rivers, partlcularly rock~flour-like silt and

very fine sand (Arkley, 1962; Janda and Croft, 1967;
The a~e of younker alluvlum of Marsh Creek and Marchand, 1977), record principal episodes of

vicinity is probably plural. The map unit possibly Fleistocene Elaciatlon in the Sierra Nevada. Marchand
includes one or both bodies of buried Marsh Creek (1977) correlates these deposits with large-lee-volume
alluvlum having late Pleistocene IBC ages: (I) sand (even-numbered) stages of the marine oxygen-lsotope
beneath Jersey Island (sheet 10) bracketed be~.ween San record.
Joaquln River alluvium dated 38,000-~6,000 ]~C years
(table I) and eolian sand whose m!nimum age is about Arkosie fan deposits east of the Delta can be
10,000 years (see "eolian deposits" below); and (2) assigned to the Modesto and Riverbank Formations by
gravelly deposits ah the head of the ~,~n (sheet I~) correlation with the "recent" and "late Pleistocene"
containing charcoal dated 20,~65÷~Y5~C      yea@s (UM- deposits, respectively, of Arkley (1959, p. 13).
2059, table I).    Another part of the map unit Arkley’s units, given their present formational names
definltely post-dates eollan sand of the Modesto by Davis and Hall (1959), have been widely mapped on
Formation because of stratlgraphlo superposition. ~ane of major Sierra Nevada rivers in the northeastern
This part of the unit contains at least two noncoe~ral San Joaquln Valley (Janda and Croft, 1967; Marchand
subdivisions. The older, associated with prominent and All~ardt, 1981) and eastern Sacramento Valley
chasnel ridges (former waterways labeled I on. sheet (Shlemon, 1972; Narwood and others, 198~; Halley and
I~) and bearing Brentwood and Rincon anils (Ca6penter others, 1981).     Delineation of the Modesto and
and Cosby, 1939), may have formed in latest Riverbank Formations on sheets 2, 5, 8, 12, and
Pleistocene or early Holocene time.    The younger, generally follows Marchand and Atwater (1979), Atw~ter
associated with the most recent courses of Marsh Creek and Marchand (1980), and Atwater and Belknap (1980, p,
(existln~ and former waterways labeled ~ on sheet I~)

5
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94) except in the rmmlnE of subdivisions of these with the upper member of the ~4odesto Formation, whose
formatlon~, appr~xlmate age is 9,000 to ~,OOO year~ according

Marcha~d a~d All~rd~ (1981 p. 60-61).     Soils
Hi,crank Formation developed on this ~i~ a~e ~he Han~o~d lo~y sand

Cosby a~d Carpen~e~ (~937) and Delhl ~ils o~ Retze~
~e Ri~er~" Forma~i~ ~div~ded, fo~ low and others (195~).

r~ses sur~unded a~ partly venfle~ with Holocene
a11u~i~ on Bhee~s 4 and 8. In addlti~, i~ ~de~lles (2) Rid~e-~orminE, loose, poorly ~o~ted fine
the Modes~ Fo~a~i~n In bo~eholfls and ditch exDosu~es eoarse sand and sandy sil~ 5hi~ke~ t~ 5
on sheets 8, 12~ and 13 (At~ter ~d ~lk~p, ~980, p. (~ep~sen~ed on roads by mo~e ope~ pa~tfl~ of dots).
I00). It ~ not subdivided a~ on sheet3 ~, 2, and 5 These deposits co,only grade do~ section In~ medi~
~cau~e ~al ~ ~mple~e burlal obscures ~eEree of to ~arse ~and. They ~ver =o~ of the ~ddle ~ache~
dlsse~i~ and E~mo~phlc position. ~ils developed o~ ~he fans and locally extend ~ the t~s. Though
on the R~ve~ank Fo~mati~, ~dlvlded~ o~ sheet3 ~ a~d ~hle~iy o~ wholly ~uvlal, they may be partly eolia~
8 a~ t~ Gla~ soils o~ ~le and others (~95~ and at ~p. Typically they overlie compact, unweathered
the Rocklln ~ils o~ Cosb~ and Car~nte~ (~937). silt locally plated with cal~i~ carbonate slmila~.

the silt o~ ~it (3) and p~bably continuo~ wi~h ~hls
In m~y pla~s ~st of the ~i~ the Riverb~k silt; this sequence ~ also dlsplayed in the

Formati~ ~n be dlvi~ed into ~ older ~d a yo~Eer section of the Modesto Fo~ation (Marchand and
~it. T~ older ~It o£ the Riverb~k Fo~atlon fo~s All~rdt, ~981, p. 53-55). Like ~it (I), the loose
~derately d~sec~d surfaces on sheets ;, ~, ~, ~d material above the silt co~relates with the uppe~
5. I~ contact with the younger ~it on ~heet 5 is member of the Modesto Formation. ~e de,sits bear
~rked by ~ntrasts In dogie of d~section and H~ford soils (typical p~ses) of Cosby and Carpenter
Eene~liz~ ele~tlon of the land surface as surveyed (1937) and Dinuba (deep phases) and Hanford ~ils of
for the ;910 edition of the Bruceville q~dranEle. Retzer and others (~951).
Thou~ eq~t~ by At~ter and Mareha~ (1980) with the
middle ~it of the Riverb~k ~ormation (as defined by (3) Compact, ~ll-sorted silt ~d very fine sand
Marcha~ a~ A11wardt, ~98~), th~ eor~latlon now overlain by le~s th~ 5 f~ of looser, mo~ poorly
see~ ~o speculative ~ be ~tained. ~e p~venance sorted silty sand and sandy silt like t~t of ~it (2)
of t~ ~it is ~kno~; possibly it ~s ~poslted in (unstippled areas on map~). This two-tiered alluvi~
i~ p~t by ~erican River, but £oresets near the is most ~on in low-lying areas, particularly near
intonation of Interstate Hi~y 5 and Lambert Road the t~3 of the fans. Soils developed on It ~ Dinuba
d~p ~rth~rd (sheet 5).    Cole and others (195~) (s~llow phases) and Fresno ~ils of Retzer and others
mapped most of th~ ~It as San J~quin and Ala~ (19~) and Hanford (calcareous-subsoil p~ses),
soils. ~ Morned, ~d Stockton soils of Cosby and Carpenter

(1937) -- locally contain Bt horizons, and the F~sno
~e younger ~It of the Riverbank Formation for~ and Stockton ~ils Include a hardpan that ~ typically

a sli~tly ~ moderately dlssect~ surface having a cemente~ with calci~ carbonate and sili~ and plated
~re northwesterly strike and slightly lower elevation at the ~p ~th ;-5 ~ of these precipitates. ~e
th~ the conti~ou~ ~urface foxed by the older ~it tiers we~ previously interpreted by Marchand and
of the Riverbank Formation on sheet 5. ~rchand ~d At~ter (1979), At~ter and ~l~ap (1980, p.
At~ter (1979) a~ At~ter and Marchand (~980) equated a~ Marchand and Allwardt (~98;, p. 55) as two
th~ mit ~th the upper (younsest) ~it of the superposed ~Its, the loose sandy de,sits belonEinE
Riv~b~k Fo~atlon (as ~efin~ by Marchand and ~ the u~per member of the Hodes~ Fo~atlon, and the
All~rdt, ~98~).    ~t ~s deposited ~iefly by the silty ~rdpan beneath belonEinE to the lo~r member.
C~nes a~ (or) ~kel~ne Rive~, and it bears ~an AccordlnE to the model of these authors, a soil with a
Joaquin ~d Al~o ~ils of ~le ~d others (~95~) and hardpan first developed in fine-grained facies of the
Rock~n ~ils o£ Cosby and C~penter (I~37). lower member of the Modesto Fo~ation, then was

larsely stripped durlnE deposition of the upper
M~esto Formation member. Three p~blems af£11ct this model. First,

the hardpan of the Fresno and Stockton ~cils might
The ~desto Formati~ for~ f~s of the Mokel~ne attributed instead to E~und water, the calcium

River (sheets ~, 1~, a~ ;3) and St~fslaus River carbonate being p~eci~itated at the ca~illa~y f~inge
(sheets ~7 and 20).    It overlies the Riverbank of a high ~ter table and hence unrelated ~ soil
Fo~ati~ and unde?~es Holocene tldal-wetland formation. Indeed, high ~ter tables hi~torloally
dep~it~ (At~ter ~d ~ik~p, ~980, p. ~00). Its ~Incided with the principal areas of calcareous
averse thickne~ is I0-15 ft on the f~ of the "subsoil" on the Mokel~ne River ~an (compare Stearns
Hokel~ River (sheets 8~ 12, ~d 13) ~d p~bably and others, ~930, pl. 8, with Cosby and Carpenter,
greater ~ t~ f~ of t~ St~islaus River. On these ~937). Second, a predominance of silt ~d abundance
f~3 the l~tholo~ ~n ~p 5 ft of the ~desto of alkali typify fan-t~ areas in which the soils
Fo~ati~ allo~ subdivision in~ three main ~its: formed on the Modesto Formation ~ve Bt ~rizons.

Because the parent materlal of these soils contains as
(I} L~se, ri~e- or mo~d-forminE fine sand much as ~5 percent clay (e.E., Arkley, 1959, p.

Eene~lly thicker th~ 5 ft (o8 maps, ~presented by .and because cl~y moYes mo~ readily in a soil profile
denser pattern of dots). ~is sand, probably eoli~, if dispersed by sodi~ (~irkeland, ~97~, P. I~),
displays a s~ewhat radial distribution on the soils llke the F~sno may develop Bt horizons more
Mole~ne River f~ (~rchand and At~ter, ~979) that rapidly than the Hanford soils, whose parent material
su~es~ derivation f~m radiating distribut~les of is relatively poor in clay and who~e ~ters are
the f~ ~the~ t~ the mo~e ~mote sources ~ed by ~elatively p~ in sodi~.      Thi~, as~In~ no
the Antloch~a~ey-Brad£ord I~land dune field (see con~mi~tion of the dated sample, available
dlscu~i~ of ~li~ de~ite below). It ~rrelates radiocarbon-age control s~ests t~t the parent
by E~m~phle position a~ degr~ of ~il develo~ent material for m~y F~sno soils may indeed be as young
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as that of.~any Hanford soils. Speolfically, the only (4) Surfiolal deposits about 4 km south of Hood
published 1~C age pertaining to the time of formation (sheet 4). The Bt horizon developed in these deposits
of Fresno soils indicates, for the toe of the Tuolumne has a 7.5YR 4/4 color, the redness perhaps
River fan, a parent material younger than q2,400_+1000 attributable in part to an abundance of lithio grains
years (USGS-429; Harehand and Allwardt, 1981, p. in parent material. The thickness of the B horizon is
57).    If, as argued by Marohand (1977), the lower unknown.    Probably the deposit overlies alluvlt~n of
member of the Modesto FormatiOn correlates chiefly the Riverbank Formation. Its age relative to other
with oxygen-lsotope stage 4 (73,000-61,000 years old older eolian deposits is not known. Cole and others
~sin~ the time scale of Hays and others, 1976) and the (1954) mapped the deposit as "Oakley sand"; perhaps
upper member formed about 14,000-9000 years a~o they overlooked the presence and redness of the Bt
(Marchand 1~nd"c All~rdt, 198 I, p. 60-61), then the horlzon.
limiting age suggests that many or all Fresno
soils have formed on the tzpper member of the Modesto Eolian deposits of the upper member of the
Formation. Modesto Formation .form a large dune field, fanning

eastward and southeastward from Antioch (sheets 9-11,
Pendin~ further study, it thus seems best to use 14, and 15), a ~naller field between Hood and Walnut

map u~its that allow the possibility of a short hiatus Grove (sheets 4 and 5), and isolated hills in central
between the compact silt and the looser, sandier parts of the Delta (sheets 7, 11, and 12). Deposits
deposits that commonly over]-ie it on the middle and belonging to this unit are present also on fans of the
lower reaches of glaolal-outwash fans of the Modesto Mokelunne and Stanislaus Rivers (sheets 8, 12, 13, and
Formation. If the hiatus is indeed short, the~ the a0), but represented there with dense stippling rather
lower member of the Modesto Formation may generally than a separate label in order to emphasize local
project well beneath the toes of these fans rather provenance. Lithio grains form about 5-10 percent of
than fo~min~ the extensive fan.toe StL-faces mapped by the deposit in Hood-Walnut Grove field, prestl~ably
Marchand and Atwater (1979), Atwater and Belknap reflecting a Sacramento River source. Isolated sand
(1980), and Marchand and Allwardt (1981). bodies at Rindge Tract (sheet 12) and Bouldin Island

(sheet 11), in contrast, are almost purely arkosic,
implying a San Joaquin River source. The intermediate

Eolian deposits composition of sand of the Antioch-Oakley-Bradford
Island field suggests mix of detritus from Sacramento

Eolian deposits, undivided, are mapped where and San Joaquin Rivers; further, long axes of linear
un’oertainty about relative age prevents assignment to and parabolic dunes in this field indicate eastward
either of the two tmits described below.    Near and southeastward transport from an area between
Pittsbu1-g Point (sheet 9), they f~rmed a rldEe leveled Antioch and Bradford Island. Though generally thinner
by man since the Collinsville (now Antioch North) than 5 ft between Hood and Walnut Grove (Cole and
quadrangle was surveyed in 1906-1907; and in borehole others, 1954) and locally removed by agricultural
logs on sheet 14 they denote sand from which buried leveling in this area, eolian deposits of the upper
soils might have been removed by erosion accompanyin~ member of the Modesto Formation commonly 20-40 ft
depo~itlon of overlying eolian deposits, thick near Antioch, Oakley, and Bradford Island.

The unit, older eolian deposits, serves as ¯ In the Antlooh-Oakley-Bradford Island field,
catch-all for windblown sand in the following eolian deposits of the upper member of the Modesto
settings: Formation widely underlie alluviua of Marsh Creek and

tldal-wetland and tidal-waterway deposits. Near and
(I) A U-shaped ridge, probably a barchan, &bout within historic margins of tidal wetlands, dune crests

10 ft high in 1906-1907, now partly removed and are marked by light tone on aerial photographs (finely
sectioned by an excavation for a parking lot and stippled areas, sheets 10, 11, 14, and 15), by high
factory near Sixth Street Park in Antioch (south- ground that historically rose above surrounding
central part of sheet 9). This deposit displays a Bt wetlands (hence Sand Mound Slo~eh, sheets 10 and 11),
horizon about 5 ft thlok with IOYR hue (Munssll and by patches of high ground exhumed historically by
system). Probably it correlates with youngest part of decomposition and deflation of peat.    Historically
the Riverbank Formation. It was not differentiated supratldal sand bears Oakley sand of Carpenter and
from contiguous alluvial-fan deposits by Cosby and Cosby (1939), Cosby (1941), and Cole and others
Carpenter (1939), who mapped Ambrose soils on the (;954).    Exhumed sand mounds typically bear Piper
rides, soils of Cosby (19~I). Stage II and III calcium

carbonate in Piper soils implies high water table
(2) An 8-ft bed overlyinE a buried soll formed in related to Holocene sea-level rise because, on a

micaceous silt and underlying about 45 ft of younger single sand mound at Bradford Island (sheet 10),
eolian sand near the base of a natural river bluff 2.~ Oakley sand occupies the historically supratidal crest
km east of the Antioch Post Office (sheet 9). This and Piper soils the historically tidal and subtldal
deposit displays a Bib horizon about 3 ft thick with flanks (Carpenter and Cosby, 1939); moreover,
IOYH hue. Possibly the soil is a stripped version of carbonate cementation in some Piper soils evidently
the soil near Sixth Street Park, or perhaps it is postdates the digging of several aboriginal burials
younger and coeval with the lower member of the (Cook and Elsasser, 1956, p. 33-34).
Modesto Formation (as defined by Marchand and Allwardt
1981). The ~ of upper Modesto dune sand lies between

~ llmitinE dates of about ~0,000 and 10,000 years.
(3) Deposits buried by younger dune sand between The maximum limiting age is determined at Jersey

Oakley and Brentwond (sheet 14). Btb horizons I-3 ft Island and Hotchkiss Tract (sheets 10 and 14), where
thick with IOYR hue s~gest correlation with the dune sand overlies alluvitln of Marsh Creek that in
buried eolian unit in the river bluff, turn overlies San Joaquin River alluvium having C

ages of 38,000-46,000 years, and at Bradford Island
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(shset I~, wher~ dune sand overlies oxbow-lake(?) mud Wslch and others (1976 and unpub, data) but are not
with ¯ "~C a~e of about ~2,000 year~ (~1~ 1). A dl£~erentla~ed on the map~ ao~mp~yln~ th~ ~por~.
mln~ li~i~ ~e ~ app~xima~ed by ’~C da~es on
t~ oldest peat or m~ cove~InE sandy alluvi~ o~ t~ ~e ~divided ~it also includes local ~dles
~mblned Saoram~o ~d ~ J~quln Rivers between redd~h-bro~ overb~k alluvi~ o~ p~bable hlstorlo
Antio~ a~ Brad~o~ ~land.     Using pea~, this age, bo~h along the San Joa~uln River ~outh
li~i~ ~e ~ 7,000 "~C year~; using mud i~ is S~ck~a (sheets ~5 and ]9; R~a~ ~lls o~ Retzer and
~0,000-~000    C ~eare (~ble ~; 3hlemon and Be~ o~hers, ~95~) ~d along th~ Cosines River (~l~bla-
~975). ~e act~l ~e ~nEe o~ ~ne s~d in the upper over-Sac~en~ ~ils oF Cole an~ othe~, ~954).
par~ o~ the Mo~s~ Fo~atlon in the Antio~akley-
B~d~d Isl~d ~eld ~ p~bably far more ~s~rlo~d Hatu~l-levee deposits consi~ o~ sand, sll~ and
th~ ]0,000-~0~0~ years B. P.    Per~ps It ~ as sil~y clay, chle~ly ~rk E~y~h bro~ (~0~R ~/2)
~r~ow as ~0~0-~4,000 years B. P.~ in ~h accord yellowlsh b~ (~0YR 5/6). ~ese de~slts a~ mapped
with ~ ~e In~err~ by Marcha~ a~ Allward~ (~98], on1y on broad ~tural levis and cre~sse splays o~
p. 60-61) for alluvial~f~ facies of the ~per member~ Sacramento River and its dlstrlbutarles but are
of t~ Modes~ Fo~ation.    ~ter~tlvely, the age p~sent al~ in ~edlate vicinity of historic and
range may be slightly b~ader t~n for these alluvial- prehlstorlo nonti~l channels sho~ in a~as
f~ ~poslts; per~ps ~posltlo~l episodes in which undivided ~ood-plaln alluvia.    The contact with
~r Sierran rivers failed ~ sp~ad ~E~te their adjacent basin ~d ti~l deposits co.only grades
f~ nonethele~ oaus~ e~ overb~k deposition on acro~ tens ~ thousa~s of feet; p~bably the levees
the trek-stream fl~d plai~ ~ triter eoli~ formed the interface between rapidly flowlnE and
~positi~ ne~ Antioch. nearly standinE ~ter (Brice, ~977, P. ]9). Looally

levee deDosits overlie peat ~d peaty mud, as alone
~1i~ deDosits of the ~per member of the Surfer Slo~ at ~st end of Surfer I~land Cross Road

Modes~ Fo~ation bear ~lhl a~ Piper ~ils of Welch ~d at a crevasse splay east of the head of Ste~boa~
(~7), Naz~ ~d S~arinEer (~975), ~d Paul Naz~ $1o~ (sheet ~; At~ter and Belk~p, ]980, .~iE.
a~ Chafes Swe~inEer (~pub. mapping, ~975-;976). section C); at the second locallty, a ;9~0~5 ;~C year
The mappl~ of Welch, Nazar, S~arlnEer, ~d ~helr abe (~ble ;) of peat ~edlately beneath the
~lleague3 exte~s the kno~ surflclal dls~Ibutlon of crevasse-splay deposits implles t~t the splay
these ~ep~its ~ ~eas in ~I~ dunes ~ve been deposits pre~te hydraulic mining.    The ~it also
partly or w~11y exh~ sin~ ~ils mapping of the Includes ~ddish-bro~ alluvi~ of p~bable historic
~9~O~s. ~e and, along m~ade levis, underlies ~apped

spoils f~m cla~hell ~edges ~d mule-dra~ scrapers
(Durra,

Alluvi~ of s~tl~l fl~ plai~ of the
~ J~q~n River, 3ac~men~ River, Fl~d-basln deposits a~    fi~ ~ stiff

~d pri~ipal trlbu~rles (uncon~ned shear strength 2-~ ~/~2 by pocket
penetrometer) silty clay, clayey silt, and

Holoce~ ~posi~ of ~tu~l levis, flo~ co.only with CaCOR nodules and locally with black,
basi~, ~d active ~d ab~doned ~annels of the slightly metalli~ fine-s~d- to E~nule-~ize
S~en~ a~ S~ J~q~n Rivers oonsis~ mainly of spherules (~ and(o~) Fe oxides). Colors a~ very
fi~ silty clay, ~caceous silt, ~d ~caceous s~d dark gray (;0YR 3/;) to ~rk 8~y (N6/O), locally
with low ~E~!o content (less th~ ~ percent; varieEat~ and mottled in hues of ~ ~ 7.~. The
~dre~, ~972, p. 98) ~d A/C ~il p~files. ~plcal deposits formed in supratidal reaches of basins
~lors r~Ee f~m d~k gray (5Y ~/~) ~ yellowish fl~nE the Sac~en~ River (for example, Sac~ento
b~ (~0YR 5/6). Near the Saoram~to Rive~ they ~e and Yolo Basi~, sheets ~-~) and in interdi~tributary~
~adily dlfferentlat~ in~ ~tu~l-lev~ a~ basin basins not necessarily above high-tide levels but
facies (~ below), probably cordoned off from tldal ~ters by supra-ti~l

natural levees (for example, Merrltt and Randall
~e     ~it,     alluvial-fl~dplaln     deposits, Islands, sheet ~). Native veEetatlon ~s dog.ted

u~ivide~, ~ ma~ ~iefly ~ a t~e-tra~E~s~ive ~ acutu~ ("rule" of Bryan, ]923, P. ~3)- The
~d plain oT S~ J~quln Rive~.    Part of this deposits g~de laterally into peaty mud ~d mud
~o~plaln ~s historically cover~ with till-wetland tldal wetlands of Yolo ~31n, Sut~er Island,~ and
~at ~t ~ ~w largely exhum~ (for ex~Dle, Jones Pierson District (sheets ] and ~).    ~ntacts with
Tract a~ mu~ of Wo~rd, ~ictoria, Union, a~ lower tldal-wetla~ deposits in co~s a~ locally abrupt bu~
Roberts Isl~ds, sheets ~5, ~6, ;8, ~d ~9). ~e co.only grade t~o~h mud that for~ aneular
~malnder ~s historlcally 3~ratldal (Lath~p, a~ga~s O. ~-2.0 ~ in di~eter, a granular
P~ad~e ~t, ~d vicinity, shee~s ;~ and 20). str~tu~ attributable ~ occasional desiccation.
~posi~ of t~ exh~ ~o~ plain appe~ ~ ~uncate Locally the deposits a~ veneered with silty, redd~h-
~d (or) lap onto the ~utheastern p~t of the bro~ alluvi~ of historic age.      ~e natu~l
Antlo~kley dune ~eld ne~ O~o~ Tract (sheet sed~entati~ rate In late Holocene t~e, JudEloE from
~5). ~o~ly they yield do~ section into ~0-6~ ft a ]~C age of 29~0~]~0 on basin deposits a~u~
of sand, mu~ or most of whl~ ~ posslbly coeval with below historic surface of a flo~ basin near
the u~er member of the ~desto Formation; this Saeram~to (table ~), ~ less than ~te of ~latlve
~ninE-~ 3equen~ ~ fou~ .In boreholes along the sea-level rise In San Franc~co ~y (~hly ]5 ft
Mokel~ Aqueduct at W~d~rd Island ~d Jones T~ct past 3000 years; At~ter a.d others, ~977) but not
(~st ~ay M~iclpal Utilities District, ~ub. inconsistent with the posslb~lity that r~se ~n base
data).     ~e exhum~ ~d Dlaln includes~ small level caused much of the late Holocene a~radatlon
~app~ b~les of peaty mud thicker ~h~ 5 ft ~ near-sea-level ~o~ basi~s of the ~ac~en~ River.
ab~doned ~annels ~d Interdlstrlbu~ry basi~, ~me The ~It ~s mapped as ~acramento ~d Col~bla-ove~-
of whi~ have be~ ma~ a3 Ryde 3~ty clay 1~ by Sac~e~ ~lls by Cosby and Carpenter (;935), Cosby

(~9~), and Cole and others (;95~).
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Deposits of tidal environments by Wilshira and others (1978, p. 300 and 303); the
sand, banked against Montezuma Hills 2-3 km southwest

Peat and mud of tidal wetlands and waterways form of Rio Vista City Hall (sheet 6) at elevations up to
soft, generally carbonaceous deposits having low bulk 50 ft (as much as 35 ft above peak recorded flood
density (1.1-1.5 ~/em wet). They are shown where stage at Rio Vista; Jones, 1942), is continuous with
generally ~hlcker than 5 ft and more extensive than similar sand at similar elevations farther southwest
about % ’~=~ in 1980; otherwise the underlying unit is covering areas mapped as tidal wetland in 1906-1908
mapped. Tidal peat and mud are also present, but not (Jersey and Rio Vista 7.5-mlnute quadrangles, editions
generally labeled, en numerous islets of tidal wetland of 1910) and hence must have been deposited during the
(tule betas in loca! vernacular). Locally the unit 20th century. The unit roughly corresponds to "made
underlles unmapped sand, silt, and clay deposited land" of Cosby (1941, p. 38).
historically by clamshell dredges (Thompson, 19571
Durra, 1976) or by water flowing over or through
manmade levees (Cosby, 1941, p. 36). The fundamental FAULTS WITH QUATERNARY DISPLACEMENT
cause of deposition of the tidal peat and mud is
relative rise in sea level (Gilbert, 1917 pl. IV; The Sacramento-San Joaquin Delta provides few Of
Cosby, 1941, p. 43; Shlemon and BegS, 19751 Atwater the usual clues of Quaternary displacement along
and Belkn~p, 1980). faults. Tell~ale landforms such as scarps and sag

ponds would probably have been concealed by wetland
Deposits of tidal wetlands are chiefly peat and vegetation in the pristine delta and, in any case,

peaty mud.     O~genlo matter is decomposed in part have probably been obliterated by leveling and
(typically hemie in the classification of McKinzle, lowering of cultivated peat. Below ground, an
1974) but generally retains epidermal remains of roots abundance of channel cuts and fills affords a
and rhizomes, particularly those of Scirpus acutus and nonteotonlc explanation for abrupt stratlgraphlc
Phrasmltes austrelis, also those of Distichlls s_pieata changes between boreholes.
in near-surface deposits of Browns Island    (sheet
9). O~genle content is highest (50-70 percent loss on The only fault with demonstrable Quaternary
ignition; California Department of Water Resources, offset in the immediate vicinity of the Delta is the
unpub, data for horeholes drilled 1956-58, table 2) in Antioch fault (sheet 9). This fault was identified in
the central and south-central Delta, lower in upland areas by Burke and Helley (1973), who report
southernmost and northern areas where peaty mud is rlght-lateral    displacement    of    railroad    tracks,
typlcally intercalated with mud in layers 1-10 om sidewalks, and other manmade structures in Antioch.
thick (Cosby, 19411 Atwater and Belknap, 1980). The Subsequent trenching by the California Department of
maximum thickness is currently a~bout 50 ft and the Water Resources (1978, trench T-64) confirms the
maximum known age 6805±350 "~C years before present, inference of Burke and Helley (1973) that the fault
both at Sherman Island (sheets 9 and 10). Peat or extends into Tertiary rocks southeast of Antioch.
peaty mud comprise typical parent materials of Northwestward the fault may extend across the San
Correra, Venice, Staten, Egbert, Hyde, Burns, and Joaquln and Sacramento Rivers, perhaps steppin~
Robert~ soils of Cosby (1941) but cover less total northeastward to the linear southwestern front of
area than these soils because of decomposition and Montezuma Hills (Burke and Helley, 19731 Jennings,
deflation of peat during the past ~0 years. The map 1973). Conclusive evidence concerning this
s~mbol for the unit is queried where peat possibly possibility has yet to be published.
formed in supratldal, Interdietributsry wetlands or in
closed basins dammed by natural levees of tidal Not shown on sheets 6 and 10 is the Rio Vista

waterways, fault of Reiche (1950), inferred by him to follow the
linear southeastern front of the Montezuma Hills

Deposits of tldal waterways are chiefly clay southwest of Rio Vista. The high accordant s~m~its of
(south-central areas) and silt (southernmost and the Montezuma Hills and the likely Pleistocene age of
northern areas) with low (less than 10 percent) the deposits that form these hills indeed suggest
organic content. Locally they are sandy, particularly Quaternary upllft, perhaps localized at linear margins
along a major prehistoric channel at Sherman Island of the hills. Nevertheless, the llnear scarp near Rio
(sheet 10). Typically they form the present-day land Vista might also have been cut by the Sacramento
surface along historic and prehistoric tidal River. A1thoug~ he reports about 100 ft of vertical
waterways, particularly on point-bar sides of displacement of Pleistocene deposits across the
meanders; also they commonly underlie tidal-wetland alleged fault, presumably evidenced by borehole data,
deposlta along point bars.    Generally they give a Reiche (1950) gives no reason to rule out abrupt
lighter photographic tone than adjacent tldal-wetland facies change as an alternative. The existence of the
deposits. Most were mapped chiefly as Hyde soils by Rio Vista fault of Reiche (1950) thus seems
Co~by (1941 ). insufficiently proven.

Also omitted from sheet 10 is a normal fault
Deposits of menmade environments proposed by Shlemon (1971) as a possible boundary

between tectonically subsiding parts of the Delta and
Sand, locally laminated, and subordinate silt, Btable or uplifted areas to the west. Noting that the

clay, and peat, have been deposited as hydraullc- bedrock sill at Carquinez Strait, located about 40 km
dredge soils during attempts to widen, straig)aten, and seaward of the Antioch Bridge (sheet 10), lles at a
(or) deepen the Sacramento and San Joaquin Rivers. higher elevation than many Quaternary deposits beneath
Must of these of the mapped spoils between: Cache the Delta, 3bleach (1971) inferred that one or more
Slou~h (sheet 6) and Collinaville (sheet 9) were normal faults cross the western part of the Delta,
emplaced between 1913 and 1927 (Jones, 19421 Thompson, perhaps in the vicinity of Sherman Island (sheet
~957, p. 175). These include loose sand mistaken for 10). Such a fault would be analogous with the San
natural, presumably prehistoric strand-llne deposits Joaquln fault zone of Herd (1979), in which one or
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more ~ormal faults apparently downdrop the west- "field inspeotlon of cores showed no evidence of
central San Joaquin Valley relative to adjacent parts crushing of reeds, the permanent saturation of peat
of the Coast Ranges. ~ sill opposite Montezuma Hills and clay below the water table apparently maintaining
provides new ard local evidence for the fault proposed pore pressure a~d preventing siEnifloant compaction."
by Shlemon (1971)... Judging from borehole logs of the
California Department of Transportation (unpub. data
1964-1970; see also Atwater and Belknap, 1980, p. 95, USES OF THE MAPS
se~tlon I), at least 100 ft of stiff, light brown silt
and sand of t~known but presumably late Cenozoic age Some of the data presented on the accompanying
undarliea grey clay, sLlt, sand, and gravel of late maps may be useful in assessing hazards to foundations
Pleistocene age at a widespread, subhorizontal of manmade levees and in locating boundaries of land
uncunfo~mlty at elevatlans of -100 to -115 ft beneath subSect to private ownership and public easement.
the new Antioch Brld~e (line of boreholes crossing San Nevertheless, these maps provide little of the
Jcaquln Rivar at eastern edge of sheet 9 and extending precision and detail normally required in engineering
northward, one-third of the way across Sherman design and boundary determination.
Island). East of the brld~e, in contrast, boreholes
drilled to -150 ft beneath Bradford Island and beneath
the east half of Jersey Island (sheet 10) indicate a Foundation hazards
p~edominance of alluvium that is typically gray,
locally soft, probably late Pleistocene in age (B. F. Several of the hazards to manmade levees in the
Atwater, unpub, data, 1978).    Though open to many Delta stem from physical properties of materials on
interpretations, this contrast could reflect movement which the levees rest (Josselyn and Atwater, 1982).
alone a fault passing somewhere between eastern Jersey One such hazard is failure under static loads: . soft
Island and the new Antioch Bridge, with the stiff silt peat and mud beneath a levee may flow or rupture under
and sand beneath the bri~e being Pllocene or lower either pressu~’e from flooding channels or the w~Ight
Pleistocene "bedrock" uplifted relative to upper of the levee itself (Wright, undated, p. 10; U.S.
Pleistocene deposits on the east. Corps of Engineers, 1979, p. 6; California Department

of Water Resources, 1981, p. 7).    Another, more
Although local stratigraph~ may thus support hypothetical hazard involves cyclic loads: though the

Shlemon’s (1971) hypothesis of a Quaternary fault in 1906 San Francisco earthquake caused no certain damage
the vicinity of Sherman Island, there is little reason to levees, it is conceivable that loose, water-
to accept Shlemon and BeEg’s (1975) inference Of saturated silt and sand beneath levees might lose
spectacular Bolocene displacement along such a their shear strength (liquefy) if shaken by a strong
fault. Comparing relat~,~e sea levels in other parts earthquake (Kearney, 19B0).
of the world with 14C ages ~. and elevations of
carbonaceous deposits beneath Sherman Island, these Failure under static loads
authors propose 30-50 ft of vertical fault
displacement, west side upthrown, between 7,000 and One aspect of failure under static loads that the
I0,000 years ago.    The dated material allegedly maps partly address is subsidence of peat land behind
uplifted (samples GX-2578 and W-744, table ;) may, levees.    This subsidence effectively adds to the
however, have formed well above coeval sea level in an hydraulic head of channels, thereby increasing both
active or abandoned river channel because, Judging the static loads on levees and the cost of reclaiming
from all available descriptions, the material contains a flooded island or tract (California Department of
neither the roots and rhizomes of tidal-wetland plants Water Resources, 1975; U.S. Corps of Engineers,
nor any other diagnostic evidence of tidal 1979). Assuming continued subsidence of peat land at
conditions. If the dated material indeed formed above historic rates, the magnitude and extent of future
coeval sea level, then ite elevation provides only an subsidence can be predicted from the thickness and
upper limit for that sea level; hence the material distribution of peat, as shown by Newmarch (1980).
need not have been uplifted to be consistent with low- Sheets 1-20 supply two kinds of data that could be
latitude sea levels elsewhere in the world, used to refine Newmarch’s estimates.     First, the

contact between tidal and nontldal deposits on sheets
Also deservin~ qualification is the’ Holocene 4-12, 15, and 16 reasonably approximates the outer

tectonic subsidence that Shlemon and ~egg (1975) limit of land subject to substantial subsidence in the
inferred from relative sea-level data.     Again near future. This contact, defined as the present-day
comparlnE relative s~ levels elsewhere in the world limit of peat and peaty mud thicker than 5 ft, is
with elevations and "~C ages of organic deposits from based largely on recent soils surveys, borehole logs,
the Delta, these authors observe that five samples and aerial-photograph interpretations that were
(GX-2575, -2579, -2581, -2~82, and 2583, table I) seem unavailable to Newmarch (1980) when he undertook his
too low fo~ their a6e.     Without disputing the study. Second, by locatin~ nontldal channels, exhumed
likelihood of widespread Holocane tectonic subsidence sand dunes, and basal peat and mud, the maps define an
in the Delta, it is important to note that at least ancient land surface that should prove helpful in
three of the samples (GX-2575, -2579, and -2583) may extrapolating thickness of peat into areas having
have subsided primaily because of compaction of little or no borebole data. This surface, upon which
underlying peat, whose thickness in nee locality is 24 tidal deposits of the Delta rest, is far simpler to
ft (table I). Such compaction, known to distort sea- project than the thickness of tidal deposits, which
level data in New England (Bloom, 1964; Kaye and varies also with modern topography and may change with
BarEboorn, I~64), seems likely from the accordionlike time. Basal elevations of peat thus provide bench
shortening of vertical roots and general flattening of marks from which the thickness of peat can he
rhlzomss in middle Roleeane peat of the Delta that I determined and extrapolated with the aid of up-to-date
have seen in cores, ditches, and clamshell-dredge topographic’maps at any time in the future.
spoils.     These compacted or Eans were apparently
overlooked by Shlemea and BeEE (;975, p. 262), whose
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Another aspect of failure under statln loads easements after reslamation (Briscoe, 1979). The most
addressed by the maps is the possibility that important cadastral elevations in tidal wetlands and
proximity to former ~hannels trlg~ers levee breaks, waterways are two tidal datums, mean low water (MLW)
Speculating that "some areas where old channels and mean high water (MHW). Land lying below MLW is
intersect the levees may have been filled with weak generally owned by the public; land between MLW and
construction materials," the California Department of MHW can be owned privately but rarely without public
Water Resources (1981, p. 7) recently fla~ed former easements for activities such as fishing and
channels as "potential weak spots." Sheets 6, I0-12, navigation;    and land above MHW is generally
and 15, however, show little or no correspondence unencumbered by such easements (Brlscoe, 1979).
between breaks and former channels, implying that
proximity to hi~torlc channels has played llttle or no The edge of tidal channels and the limit of
r~le in causing the levee breaks identified on these autumnal high tides as shown on sheets 1-20 outline
m~PS. the probable distribution of tidal wetlands of the

Delta in A. D. 1850.    To my knowledge this is the
Sheets 1-20 p~vlde few details, however, first large-scale, Delta-wide delineation of historic

concerning the thickness and physlcal properties of margins of wetlands; unlike marshes around San
materials beneath manmade levees. Though the maps Francisco Bay (Nichols and Wright, 1971), wetlands of
suc~arize some of the subsurface data from past the Delta were not carefully surveyed before
foundation studies, they report only the basal reclamation, probably because rules and willows
elevatio~ of peat and peaty mud beneath levees, not standing 10-15 ft high prohibited efficient plane-
the thickness of these materials. Furthermore, in the table work.
interest of cartographic simplicity, I have extended a
5-ft-thlckness contour for soft peat and mud -- the None of the mapped margins of Delta wetland,
contact between tidal deposits with various eollan and however, necessarily correspond to MHW,. MLW, or any
alluvial units -- from subsided peat land to adjacent other     elevation     having precise cadastral
levees as if the same section of peat were missing in signlfloanee.    . Furthermore, even if assumed to
both places. This procedure understates the thickness approximate the historic llne of MLW, margins of
of peat beneath levees; whereas farmland has lost peat wetland indicated by tidal channels may be mislocated
by deccmpo~Itlon and deflation (Weir, 1950), many on the maps by hundreds, even thousands of feet. For
levees may rest on a complete, if somewhat compressed, those channels evidenced solely by extant or relict
historic section.    Finally, my twofold division of waterways on archival USGS plane-table surveys, errors
so.ft materials beneath levees -- into peat and peaty have doubtless arisen from registration to modern maps
mud of tidal wetlands and mud of channel environments and from i~accuraeles in the old maps themselves.
-- commonly oversimplifies lateral and vertical Likewise, for channels evidenced by tonal contrasts on
variation in physical propertles~of these materlals, modern aerial photographs, errors may arise f~om
In particular, some sections of peat and peaty mud for manual transfer between photograph and map and from
which I report nnl¥ a basal elevation contain distinct the possibility that light-toned channel depeelts
intarbeds of mud and sand. Sheets 1-20 thus provide ex~osnd on subsided, leveled farmland are thousands of
only general guides to the Holooene stratigraphy years old and thus mark a waterway whose course later
alL, covered in past foundation studies; for details, migrated. Problems such as these render the historic
the interested reader must consult primary sources, da~a on sheets 1-20 Ill-suited for precise cadastral
most of which are on file with the California work.
Department of Water Resources (table 2).

Failure under cycllc loads

The maps delineate several kinds of deposits that
might be susceptible to liquefaction. Chief among
these deposits are well-sorted sand and silt formed in
tidal and nontidal channels during Holocene time.
Liquefaction of Holocene channel deposits probably
caused the reported damage be railroad bridges across
01d River (sheet 15) and San Joaquin River (sheet 17)
in 1906 (Youd and Hoose, 1978). If, as seems likely,
many of the Holocene channel deposits elsewhere in the
Delta resemble those that liquefied in 1906, than the
vicinities of channels shown among floodplain levee,
and tldal-wetland deposits deserve special attention
in studies of liquefaction potential.    Probably
meriting similar attentlen, is collan sand, some of
w~ich is described by Underdahl and Wood (1977, p. 11)
as "especially susceptible to liquefaction." The maps
show enlian deposits to be present at or ~ust below
the surface in most areas of former tidal wetland wast
of 01d River and in many such areas east of San
Jcaqu!n River.

5oundar y determination

Elevatlons of tidal wetlands before reclamatlon
typically Influence the limits of public ownership and

11 "

C--075803
(3-075803



REFERENCES Diablo - Byron area, Contra Costa, and Alameda,
and San Joaquln Counties, California:
Geological Survey Open-File Map, scale 1:62,500.

Allen, J. R. L., 1970, Studies in fluviatile
sedimentation:’ a ~omparlson of fining-upwards Brice, James, 1977, Lateral migration of the middle
cyclothem~, with speclal reference to coarse- Sacramento River, California:    U.S. Geologleal
member composition and interpretation: Journal Survey Water-Resources Investigations, 77-~3, 56
of Sedimentary Petrology, v. ~0, no. I, p. 298- p.
323.

Brlscoe, John, ;979, Legal problems of tidal marshes,
Ellsu~, H. L. and Dudley, L. T., ;976, Areal geology i__n T. J. Conomos, ed., San Francisco Bay: The

Sacramento-San Jcaquln Delta: Sacremento, Urbanized Estuary:    San Francisco, California,
Callfo~nia Departmer~t of Water Resources, scale Pacific Division Of Amerioen Association of
1:62,500. Advanced Science, p. 387-~00.

Andrews, W. F., 1972, Soil survey of Yolo County, Broadbent, F. E., 1960, Factors influencing the
California: U.S. Department of Agriculture, Soil decomposition of organic ~oils of the California
Conservation Service, 102 p. Delta: Hilgardia, v. 26, p. 587-612.

Aekley, R. J., 1959, Soils of enstern Stanislaus      Bryan, £trk, 1923, Geology ~nd ground-water resources
County, C~lifornia:    University of C~lifornta            of the Sacramento Valley, California:    U.S."
Agricultural Experiment Station Soil B~rvey, no. Geological Survey Water-Supply Paper ~95, 285 p.
13, 197 p.

Burke, D. B. and Helley, E. J., 1973, Map showin~
Arkley, R. J., 1962, The geology, geomorphology, and evidence for recent fault activity in the

~oils of the San Jo~quln Valley in the vicinity vicinity of Antioch, Contra Costa County,
of the Hefted River, California:    California California: U.S. Geological Survey Hiscellaneous
Division Hines and Geology Bulletin 182, p. 25- Field Studies Map H~-533, scale 1:2~,000.

Burro~hs, Ernest, 1967, Rio Vista ges field: S~mmary
Atwater, B. F., 19~0, Distribution of v~soular-plant of Operations California Oil Fields: Sacremento,

species in six remnants Of intertidal wetland of California Division of Oil and Gas, v. 53, P. 25-
the Sacramento - San Jo~quin Delta, C~lifornia: 33.
U.S. Geological Survey Open-~ile Report 80-883.

California Department of Water Resources, 1975, Plan
Atw~ter, B. F. and ~elk~ap, D. F., 1980, Tidal-wetland for improvement of Delta levees: California

deposit~ of the Sacramento ~ San Josquin De!~, Department of Water Resources Bulletin 192, 26 p.
California, i_~n Field, H. E., ~ouma, A. B.,
Colburn, I.P., Douglas, R. G., and Ingle, J.C., California Department of Water Resources, 1978,
eds., Quaternary Depositional Environments of the Preliminary report, faults and seismioity at Los
Pacific Coast: Society    of    Economic Vaqueros dam site: California Department of
Paleontologists and Hineralogists, Pacific. Coast Water Resources, Division of Design and
Paleogeogrsphy S~posi~ ~, p. 89-103. Construction, Project Geology Section,

Saoramanto, ~9 p.
Atwater, B. F., Bedel, C. W., and Helley, E. J., 1977,

Late Quaternary depositional history, Bo!ocene California Department of Water Resources, 1981,
sea-level changes, and vertical crustal movement, Findings and reco~endations based on the
southern San Francisco Bay, California:    U.S. inspection of Delta levees during October 1980:
Geological Survey P~ofessional Paper 101~, 15 p. California Department of Water Resources, Central

District, Sacramento, 23 p.
Atwater, B. F. and Harohand, D. E., 1980, Preliminary

maps shewing late Cenozoic deposits of the Carpenter, E. J. and Cosby, S. W., 193~, Soil survey
Brucevill.e, Elk Grove, Florin, and Galt 7.5- of the Suisun area, California: . U.S. Department
minute quadrangles, Sacramento and San Joaquin of Agriculture, Bureau of Chemistry and Soils,
Counties, California:    U.S. Geological Survey series 1933, no. 18, 60 p.
Open-File Report 80-8~9, 11 p., scale 1:2~,000.

Carpenter, E. J. and Cosby, S. W., 1939, Soil survey
~tes, L. A. and others, ~publtshed, Soil survey of of Contra Costa County, California:

Solano County,. California: U.S. Department of Department of Agriculture, Bureau of Chemistry
Agriculture Soil Conservation Service, approx, and Soils, series 1933, no, 26, 88 p.
500 p.

Cole, R. C., Koehler, L. F., Egrets, F. C., and Golf,
Blrkeland, P. W., 197~, Pedology, weathering and            A.H., 19~3, Soil survey of the Traoy area: U.S.

geomoephelogical research: New York, Oxford Department of A~riculture, Soil Conservation
University Press, 285 p. Service, series 1938, no. 5., 95 P.

Bloom, A. L., 196~, Peat acc,~ulation and comp.aption Cole, R. C., Stromberg, L. K., Bartholomew, O. F., and
in a Connecticut noastal marsh: Jourdal of Retzer, J. L., 195~, Soil survey ’of the
Sedimentary Petrology, Vo 3~, P. 599-60~. Sacramento area, California: U.S. Department of

Asriculture, Soils Conservation Service, series
B~bb, E. E., Soneman, H. S., and Switzer, J. R., Jr., 19~1, no. 11, 101 p.

;971, Preliminary geologic map of the Mount

C--075804
C-075804



Cook, S. F. and Elsaeeer, A. B., i956, Burials in sand Ouaternary Research, VII COhEres, Heno, Nevada,
mounds of the Del~a ~ion of the Sacramento - ProceedinEs, v. 9, p. 158-190.
San J~quin Rive~ system: University of
Cal~o~ia Arch~loEical Research Facility JennlnEs, C. W., compile~, 1973, S~at~ of ~llfo~nia,
Contrlbuti~ ~R, ~. 35, Papers on ’California p~l~i~y fault and EeoloEio map: California
Arch~lo~, p. ~-~6. Division of Mines and Geolo~, P~li~y

~3, scale 1:750,000.~sby, S. W., 1941, Soil s~vey of the Sacramento -
San J~q~n Del~ a~a, California:     U.S. Jones, G. H., ~9~, ~Enltude, staEe ~d f~quenoy of
~p~tm~ of KK~ioult~, Bu~au of Che~st~y ~o~ ~ows of Sae~ento Biv~ nea~ Rio Vista:
a~ ~ils, series 1935, no. 2~, ~8 p. California Departmen~ of Water Resources, 8~

Cosb~, S. W. ~d ~r~ter, E. J., 1935, Soil s~vey Jossslyn, M. N., and At~te~, B. F., 1982, Physloal
of the Dix~ area, Cal~o~la: U.S. ~par~en~ and bioloEioal ~nstraints on man’s ~e of
of AErlcult~, Bu~au of Che~s~ry ~d Soils, sho~ zone of the San Frane~oo ~y esteeM,
se~les 1931, no. 7, ~7 p. Kookelm~, W. J., ~nomos, T. J., and Levi~n, A.

E.~    ~s,    S~    Franc~co    ~y: Use    and

of t~ L~i a~a, Califo~la: U.S. ~pa~en~ of for ~he Advancement of Science, Paoifle Division,
AEricult~ Bu~au of Che~st~y ~d Soils, series (in

~vls, S. N., ~d Hall, F. R., }959, Wate~ quali~y of Quater~y sea-level ch~se and crustal ~Ise a~
~ste~ St~Islaus a~ northe~ Merced Counties, ~s~on, ~ssaohusetts, with notes on
Callf~nia: S~nford UnlveFsity Publications in au~ocompaotion of peat: GeoloEical Soolety of
~loEi~al Sciences, v. 6, ~. ~, ~2 p. ~s~iea Bulletin 75, P. 63-80.

Durra, Ed~rd, ~976, ~story of sidedraf~ el~hell Kea~ney, C. S., }980, Se~ioity ~za~s in the
d~edEinE in Cal~omia: Rio Vista, Callfo~la, Saeram~o - San Joaquin Dell:     California
~tra D~e~i~ Comply, 11 p. ~par~en~ of Water. Resources, Central

Sacramento, 8~ p.

Sie~a Nevada: U.S. GeoloEical Survey Kockelm~, W. J., ~nomos, T. J., an4 Leviton, A. E.,
~femsio~l Pap~ ~05, ~5~ p. ~s., ~9S2, S~ F~ano~co ~y:     ~ss and

~ p~otection: San F~neis~, ~e~iean Association
~okel, ~o, ~966, S~y of the seolo~ of the of Advanced Science, Paolfic Division,

G~a~ Valley, i~ ~iley, E. H., ed., G~lo~ of p~ess).
no~hs~ ~lifo~nla:    ~llfo~nla Division of
Mines and G~lo~, Bulletin 190, p. 2~7-238.            ~chand, D. E., 1977, The Cenozoic hlsto~y of the San

J~quln Valley and ad~acen~ Sie~ Nevada as
~od, D. S., Helley, E. J., ~d Doukas, M.P., infe~ed f~m the Eeolo~ and soils of

I~I, G~loEie map of the Chico monoc~ne and the easte~ San J~quln Valley, i~ Sin~e~, M. J.,
northeastern p~ of ~he Sac~am~o Valley, ed., ~il develo~ent, Eeomo~pholo~,
Cal~o~la: U.S. G~lo~leal Survey M~cellaneous Cenozoic hlstoFy of ~he no~theaste~ San J~quln
Investigative ~p I-~238, s~le 1:62,500. Valley and ad~aoen~ a~eas, Califo?nia: Davis,

Callfo~ia,    ~e~io~ Society of
Hayn, J. D., ~b~le, J., an4 Shaokle~n, N. J., 1976, ~ideb~k fo~ the ~oin~ field session of the

V~iati~s In the E~th’s o~blt: Paeemake~ of ~e~ican Society of ~onomy, Soil Science
t~ i~ aEes: Science, v. ~9~, no. ~70, p. Society of America, and the GeoloEical Society of

C~ek faul~ zone ~d ad3aeent ps~s of ~he Joaquin Valley~ ~lifo~nla: U,S, Geolo~ioal
Sao~en~ ValleM, C~l~omia: U.S. G~lo~t~l Survey Bulletin 1~70, 70 p.
Su~ M~ll~eous Field Studies ~p MF-1298~

K~lo~io map showinK Q~e~rM deposits of the

e~stal Cal~omla and i~ ~plicatio~ to Open-File Repor~ 79-933, scale
microzonation of ~he San F~nels~ Bay ~e~ion~ i~
E. E. B~bb, ed., P~K~ on selsmlo zonatlon In McKinzle~ W. E., 197~, C~Iterla used in soil taxonomy
the San F~neis~ Bay ~Ei~: U.S. GeoloEioal ~ olasify orE~io soils, i~ Hist~sols:
S~vey Ci~e~ 807, p. 3-I~. characteristics, elassiflcation, and ~e: ~il

Science SooleSy of ~e~iea Special
J~da~ R. J. a,d C~ft, M. O., ~967, ~e s~ratIE~phio 6, p. I-~0.

si~ifican~ of a sequen~ of noncalole bmo~
soils form~ on the O~te~na~y alluvi~ ~f the Naza~, P. G. and S~arinEe~, C. ~., ~975,
no~h~ste~ S~ J~q~n Valley, Califo~ia, i~ soll s~vey ~po~t~ Isleton quadr~Ele~
~ernatlonal A~o~latlon of Q~te~nary Resea~ Joaquln Co~ty, Callfo~nla: U.S. ~pa~tment of
Q~te~n~y ~s: Inter~tio~l Assoeiati~ of ~mlc~tu~, ~il Conservation Se~vlce, Stoek~n~

Calif.

13

C--075805
C-075805



~ewmarch, George, 1980, 3ubsldenoe of or~anle soils in Soll Survey Staff, 1975, Soll taxonomy:     U.S.
the Sacremento - San Ooaquin Delta: California Department of Agriculture, Ag.rlcultural Handbook
Department of Water Resources, Central District, no. 436, 754 p.
Sacramento, 27 pc

¯ Stearns, H. T., Robinson, T. W., and Taylor, Co
Nichols, D. R. and Wright, N. A., 1971, Preliminary 1930, Geology and water resources of the

map. of hlstorlo margins of marshland, San Mokelumne area, California:     U.S. Geological
Franclsoo Bay, California: U.S. Geological Survey Water-Supply Paper 619, 402 p.
Survey Open-File Report, scale I : 125,000.

Thomasson, H. G., Jr., Olmsted, F. H., and LeRoux, E.
Relche, Parry, 1950, Rio Vista, California, fault F., 1960, Geology, water resources, and usable

scarp: Geological Society of America Eulletin~ ground-water storage capacity of part of Solano
v. 61, p. 1529-1530. County, California:     U.S. Geological Survey

Water-Supply Paper I~64, 693 p.
Retzer, J. L., Glaesey, T. W., Goff, A. M., and

¯ Harradine, F. F., 1951, Soil survey of the Thompson, John, 1957, Settlement geography of the
Stockton a~ea, California: U.S. Department of Sacramento San Joaquin Delta:     Stanford,
Agriculture, Bureau of Plant Industry, Soils, and California, Stanfor~ University, Ph.D. thesis,
AErlcultural Engineering, series 1939, r~. 10, 551 p.
121 p.

Underdahl, G. E. and Wood, C. B., 1977, Sol1
Ring~old, Cadwalader, 1852, A series of charts, with investigation, planned sewage collection system,

sailing directions embraeln8 surveys of the Contra Costa County Sanitation Distrlot #15,
Farallones, the entrance to the bay of San Contra Costa County, California: Hardlng-Lawson
Francisco, bays of San Francisco and San Pablo, Association Job no. 4035,041.3, 82 p.
straits of Carquines and Suisun Bay, confluence
of the deltlc branches of the Sacramento and San U.S. Corps of Engineers, 1979, Sacramento     San
Joaquln Rivers, and the Sacramento River (with Joaquin Delta investigation, information brochure
the mlddle fork) to the American River, includi~ on alternatives for flood control and related
the cities of Sacramento and Boston, State of water resources problems: U.S. Corps of
California: Washington, D. C., J. T. Towers, 48 Engineers, Sacramento District, 47 p.
P.

Weaver, C. E., 1949, Geology of the Coast Ranges
Rubin, Meyer and Alexander, Corrlane, 1958, U.S. immediately north of the San Francisco Bay

Gsologlcal Survey radlocarb~ d~tes IV: Science, region, Callfornia:     Geological Society of
v. 127, p. I~84-I~85. America Memoir 35, 242 p.

Rubin, Meyer and Alexander, Corrlane, 1960, U.S. Weir, W. W., 1950, Suhsldence of peat lands of the San
Geologlcal    Survey    radiocarbon dates V: Joaquin Sacramento    Delta,    California:
Radiocarbon, v. 2~ p. 129-185. Hilgardia, v. 20, p. 37-56.

Sarna-WoJclcki, A. M., Bo~an, M. R., and Russell, P. Welch, L. E., 1977, Soil survey of Contra Costa
C., 1979, Chemlcal correlation of some late County, Californla: U.S. Department of
Cenozoic turfs of northern and central California Agriculture, Soil Conservation Service, 122
by neutron activation analysis of glass and scale 1:24,000.
compariso~ with x-ray fluorescence analysis:
Geological Survey Professional Paper 11~7, 15 p. Welch, L. E., Swearingen, C. V., Romito, G., and

¯ White, D. F., 1976, Soil survey, Union
Shlemon, R. J., 1971, The Quaternary deltalc and quadrangle:    U.S. Soil Conservation Service,

channel system in the central Great Valley, Stockton office, workinE paper, 96 p., map scale
Callfornia:     Annals of the Association of I : 24,000.
American Geosraphers, v. 61, r~. 3, P. 427-440.

West, G. J., 1977, Vegetation and the late Holocene
Shlemon, R. J., 197~, The lower American River area,            vegetational history of the Sacramento - San

California: a model of Pleistocene landscape Joaquin Delta, California:    Unpubllshed report
evolution: Association Of Pacific Coast prepared for Callfornia Department of Water
Geographers, Yearbook, v. 3~, P. 6~-86. Resources under Interagency Asreement B-50173

with the Cultural Heritage Section of the
Shlemon, R. J. and BoSE, E. L., 1972, A Eolocene soil- Californla Department of Parks and Recreation, 20

landscape chronology, southwestern Sacramento
Valley, Callfornia, i__n Adams, W. P. and
Helleiner, F. M., eds., International geography West, G. J., 1981, Walnut pollen in late Holocene
1972: Montreal, University of Toronto Press, p. sediment~ of the Sacramento - San Joaquin Delta,
277-279. California: Madrono, v. 28, p.

Shlemon, R. J. and BoSE, E. L., 1975, Late Quaternary Wilshire, H. G., Nakata, J. K., Shlpley, Susan, and
evolution of the Sacramento - San Joaquin Delta, Prestegaard, Karen, 1978, Impacts of vehicles on
California, i__qn Suggate, R. P., and Cresswell, M. natural terrain at seven sites in the San
M., eds., Quaternary studies: The Royal Society Francisco Bay area: Environmental Geology, v.
of New Zealand, Wellington, p. 259-266. p’. 295-319.

C--075806
(3-075806



Wright, W. Q, ~dated, Discussion of history and
levees of Sacramento - San Jcaquin Delta (approx.
title): Letter to Jack Williams, ¯ ranch broker,
w~itten ca. ;952, o~ file in Menlo Park library
of H.S. Geolbgical Survey and in Sacramento
Office of California State Lands Co~Isslon,
P.

¥oud, To L. and Ho~se, S. N., 1978, Historic ground
failures in northern California triggered by
earthquakes: U.S. Geological Survey Professional
Paper 993, 177 p.

C--075807
(3-075807


